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l{cspol~sc  Robotim, Remote Control.

AIKrJ’J?ACrJ’

‘1’his  paper  pI-CSemtS  an ovcmicw  of the
tdcrobotic  research and dc.vclopmmt  adivitics
undcl’way at the Jet lhopul  sion 1,aboratory  in
S1l])POI(  O f  NASA hLIStS iI) tC]C1”ObOti  C.

scmicing of frcc flying, satdlitcs and
platforms, platlctary  cxplol-ation,  and dual usc
technologies enhancing both NASA gIouIId
applications and comtncrcial  colllj)ctitivcllcss.

‘J’]~] ,]C]<O]]()’J’J(:  SI;I{VIC1 N{;

Rcmott  Surface inspection

Complex missiot)s require routine and
unschcduld  inspcclicm fc)l safe opcraticm  [ 1],
‘1’hc purpose of rcscalch in this task is to
facilitate Stl”lldll]”al  itlspcdion ofthc  planned
Spacx Station whi]c mitip,atin:,  the nmxi for
1 ;VA, and giving  the opmat or supcwisoj-}i
coIltIol OVCI-  dc,tailcd  and somewhat mundane,
but impor(ant  tasks. ‘J’lIc  lclm obdic  systcm
cnablm inspection relative 10 a givm mfcmncc
(e.g. Ihc status of the facilily at the time of the
last inspccticm)  and alerls tllc cpxator to
potential anomalies for verification and action

[2]. Onc examp]c  mip,hl  bc the inspection of
truss struts for micromdcoroid  damage and
visible cracks on the thermal ra(iiator surface.
Simulation ofrcalistic, dynamic lip,htin~  is
includd,  II] addition, configuration control of
manipulator with redundant dcp,mc.s  of
frcdom has bc.cm developed and imp]cmcntcd
to assure dcxtcmus manipulation near complex
stmc(um [3]. ‘1’0 assure safe operation,
collision detection and avoidance al~orithnls
mcmitor the arm mc)tion,

A multi-sensor cnd-dt’cctol-  [4] includes a
gas sensor fol- dctcdioll  of gas leaks an(l a
pyromdcr  to measure surface tmpcratum, in
addition to CC.1) cameras. ‘1’his cncl-cflcdol
also housm two plc)ximit y scnsom to provide
collision avoidance and a forcdtorquc  SCIISOI-
fol safe contact with the environment,
Al?,orithms  fcw flaw detection bad on real-
time image diffcrcmcing  with appropriate
lcg,i stration  to account fm valiablc li@ltin\{
and Illarli~Jlllato]/caI?lc~a  position have bcxm
dc.vclopcd  and validatd  A scrpcntinc lobot
with 12 clcgtccs-of-f]cc(io]]l”  (cxtcmal  diamclcr
3.31 cm, 91.44 cm cxtcndcd  length,  and less
than 2.73 kg) has been dcwclopcd fol usc as a
tool fol inspecting regions with smal 1 opcni np,s
[5], “J’his tool is to l)c pic.kd  up by the Ial-gcl
I obotic  am and placed near small opcninpjs fol
inspection. ‘Ilc scqwntinc robot earl-ics a
fiber optic,  li@t/camera systcm and is self
contained Scxmal of the dcvdopd  tcch-
nc)losics within  this task have successfully



I
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km transfcrrcct  to the Johnson Spacx Ccntm
(JSC) for realist ic  tests  in a hi@ fi(lclity

I obotics  Iaho] story with cwaluatio]] by
aslmnauls,

{;1’0111)(1  Opcrato]”  ltn\’il”oI)mcnt

‘1’hmc arc two prima l-y ol>jcclivcs  of this

pmjcct:  ‘I’odcvclo~>  tccllllolop,ics  tllatcllal>lc

WC]] -i JltC~J”atC(l  NASA ~J’OLIJld-to-01’~)it”

tdcmbotics  qJcratioJls,  and to (Icvclop  a

protc)typc!  CC)lllJllC)J}  aJ’dlitcdlJJ’c  woJkslation

which  illl]>lcJllcllts  tllcscca~>alJilit  icsf[JI[~tl]cl

NASA  tCChJIO]Ogy  ]31C)j@  ad p]aJW{

NASA flight applications.
q’his  task dcvc]ops  and suppm’ls three

tclcrobotcmtrol  mcxlcswhichal-c  applicable
Iotilllcc  iclayo])clatiol]:”  l’l-cvicw tclcollclatioll
I 6], tclcJ>loglalllllliIlg [7], and supervised
autonomy [8]. l’lcvicwt clcollclatiolllll  o~’i(lcs
agraphlcra]  rol~otslllltllatioll  which mcwcsin
real tllilcaccor(lillg totllcol~crator’  slllotioll
inpt to a hand contdlcr.  ‘1’hissamc
tclc{)]>clatiolllllotioll is scnttothcrcal  robotic
sys[cm fmcxccuticm  in tclcl)l{)~larl]illillp,,  the
(~l~crat(~l’slllal~~lal  illtclac.tioll\~~itlla3-1)

.viltual  cnvimnmcnt (physicall  yidcl~ticjal  to
preview tclcopcratim)  is symbolically
iJltCl”[M’CtCd  b y  CC) JN]NltCJ’  SOft\Val’C  (C. ~,. f(M’a

p, Jasping  opcratic)n)  10 a lo\v-[)all(l\vi(  ltl), low-
](XC]  SC(lllCllGC  C)f alltOJIOJll(NIS  COJlllllall(~S  t h a t

aJc synchronous ly  t ransmi t ted  to the lcmotc

site, which hasa simple scllsc~l-lcfclcllcc.d
l)cllaviol alcolltl[)lc  aj~al~ilit>’,  ‘1’hcbcst
fCatllICS  of(lcxtclotlsl  clco~>clati(~llarc

pr cscwcd, whi]c  providin~  gmall  y inclcascr]

opcf atioJlal  r o b u s t n e s s  a~ainsl  cxtcJl(ic(l  ( 2 - 1 0

s e e s . ) a n d  ~~ossil~l~~  iJltcrI~litlcrlt  timed  clay.

‘1’hc  opcratm’s  g r a p h i c a l  woJkstalion

cnvimnmcnt  can llca~ltolllatic  all~~ll]~(latc({

basc(l  upoJI modclccl  scJls(M  d a t a  fcc(lbac.k

flc)llll  llclc]llotcsi  tc,all(ilo[>ot”  scnsol  (Iatais

usc(l  installtallcous]y  at  tllclcmolcsitcto

bclJavioJally  compcmsatc  opcJat(w  motioJ~

cll(~lsa  ll(l]Jositiollill  gL1llccJ(ai!~tics.  l;inally,

supclvisc(l  autonomy  provides  c,apa[)ility  10

CCJm  atc high-level autonomous command
scqucmccsv  ia citllclagta}lllicall>~  programmcci
o{~cratolifltcr-actic)ll  with thcmoddcd
cnvi]mmcnt,  c)l-~lsillp,  collvclltiollal”  menus.

l)is~ril~uld  Space ‘1’clcrobotics

‘J’his cfforl is a ccmpclativc  research and
dc.vclopmcnt  activity bctwccnN AS A-Jl)l, and
h41rl’1-l {Icctmtcchnic,al  1,aboratm y (1 :’J’],)  of
‘1’sukuba, .lapan. ‘1’hc main tcchnic<al  thrust  of
tllc]~l-ojc~t  issafc~l  o~ll](lc[)lltlol  oforbilal
lot~ots~l  l~(lclo]l  cratic)llal”  ~illcc](aillticsca[}sc(l
by impaired mnotc  viewing, cmnlmllnication
tilllcdclay,  all(itaskillg colltillp,cllcics.  llachof

thcsctccrhnologi  cal arcasmanifcst  thcmsclvcs
in rcspcctivc application interests; the main
Japanese application interest is in space
assmbly,  while the 11. S. focus  is in spat.c
scrvicin~,,

‘1 ’here  aJc two kcy rcscaJ  cl]  al cas currcntl  y

undcJ  (Icvcl(y>mcnt.  lntclligcJlt  \~icwiJlg

(kmtml  (1 J~(~)  invdvcs cmlputcl-iz.cd  p lanning ,

and scqucncin~,  o f  m u l t i - c a m e r a  v i e w s  w h i c h

aJc fLlscd  w i t h  c a l i b r a t e d  3-1) viltual

vmkspacc  prcscnlaticms,  “1’his c a p a b i l i t y

incl LIdcs  sof[wal-c  facili[ics  foJ iIltcJactivc

moctclin  p,, i .c., the capture of ncw work  spacx

fCatlJJ”CS,  thCiI I“CJKiCJ”i@~M”CSCIltatiOJl,  aJld

calibl-atim,  i n t e n d e d  t o  imp] ovc  wokspacx

pcJcqJticm  aJl(l  Pdcilitatc  caJncJ-a  managcJncnt

1 ntc]ligcnt  hclotion  Gntl”d  (1 MC) OJ-
tclcpl  o~,t-amminc  has all-cady bccm mcnlioncd
in the plcvious section ‘1’hc tclcl)l(~g,lallllllc(l
mode is intended to cxtcmd  time-delay tclc-

opcration  to useful 1,1 io applicatioJls,  a n d

pJovi(ics  a  Jni ssim ICS(NII  cc fol ccmtinp,cncy

t a s k i n g  in parlially  struclulc(!  cnvimnmcnts

( h a v i n g  ~coJnctt  ic uJlcJcrlaintics)

IJ]itial  intmfacc  s p e c i f i c a t i o n s  h a v e  a l r e a d y

bCCll  (!CVC](~lJCd J’CSUltill~,  ill  SllCCCSSflll  l“CJllotC

oped  aticm  o f  I obots  in the collab(watinp,

Cmuntl  y,



lhoskdcton  and “J’dc])rcscnw

‘]’hc focus  of this task invc)lvcs  tllc aup,mcnta-
tim to tclcrllatlil)~llatiorl  capabilities Il]]oup,h
the dcvdopmcnl  of l~~)t]lall-cq[tivalcllt
dcxtmity  of rwnotcly  opcratccl  hands, wilh
mphasis cm minimal Iraining  and usc of
IIlllllall  lalcdtools.r  l’llctccllllical  ol~jcctivcis
to pmlotypc a force-mflcctinf! mastcl-slave
am-han(i  sys[cm in cxoskclcto~~follll\villl  a
‘7-I X)]; am and 16-lX)lI’ foul ftngcrcd hand
[9]. ‘1’his includes inlcgi ation with a visual
tclcprcscncc systm. ‘J’hc IJI cyg amtnatic
objcc,tivc is to dctcrminc  how far an
cxoskclctc)]]  altcmativc  can pcIfoI In 1 iVA -
glovc  latcd  manipulative activities without
chat] p,ing 1 WA tools or adding ncw ones to the
existing Jcpcrloim

1)1 .ANI;’I’ARY  lflX 1’1 ,ORA’J’JON

Rover  ‘J’(’chl)ology l’l”ogram

Rovct technology is enabling  for cxtcnsivc
mbc)tic  cxplcM ation of sclcctcd al cas of h4am.
‘J’hc lovcl  tcchno]ogy  base cmuginp,  f! om this
activity has cmabled the M 1 \SllJ</l)atl~fill(lcl
pmj cd mi c1 omvcr curlcntly  planned for
launch it] 1996. An active reseat-ch and
dcvclopmcnt  program aimed at sip,nificant
capabilitim beyond l)athfindcr  micml-over is irl
p]acc at Jl)l, (1 0-1 2). ‘1’his tcchnolo~y  base
will gwatly cxpancl  the culrcnt  h4 I XUR/
l’athfindcr  rllicromvcr  pm fomancc in the
areas of~oal  identification, inclcascd  vchidc
mobility, itltclligcnl  tcnain  navigation with in-
situ I csourcc  matlagcmcnt,  and manipulation
of scicncc  instmmcnts,  ‘1’hc goal is to crombinc
both rcscawh and systcm demonstrations to
advar]cc  the state of rover tcchnolocics  while
maintaining! fli~ht propyam rclcvancc.
Specific goals over the next foul ycam arc: (1)
autonomous] y tl aver sc 100 m of rough tcl lain
within sight of a Iandc]-; (?.) autonomously
travc] sc 100 m of rough tcl Iaitl ovc] the
hwinn  with l-cturtl  10 lan(icr;  (3)

a u t o n o m o u s ]  y  II averse 1 km of I oup,h  ICII  ain

with execution of sclcc.t  matlipulation  tasks;
(4) complctc  scicncc/sample acqui sit ion at]d
mtum to lander with ovc] the horizon
navi~,aticm, A series of ]OVCI vchiclcs  arc
bcinp, usc(i to conduct  these tcsls.

‘llc mvcr technology plogram at J]’], is
bcirlg implcmcnlcd  with cxtcnsivc  university
ancl industl”ial  invdvcmcnt  in such atcas as:
Sensor suites for long  distatlcc  navip,ati or) on
planctaly sui”fidccs;  lc~p,cd vs. whcdcd
mobility; vil lual cnvimlmcnt  opclat~)l
itltcrfacm;  robotic p,raspinp, dcvic.cs;  and
behavior based obstacflc  avoidance and fault
tolct ancc.

‘J’]; ]<l<I;S’J’I<lA1  , NASA Al’]’] ,l{;A’J’JONS
ANJ) (X)MM ICI{CJA1 i17,A’J’JON

Rollotic  Assistd  IVJicrosllt.~ct”y

‘1’h]ough a cxmpcrativc  h~ASA-lndustty
cffor[, the Robol  Assi stcd h4icmsul-~cry
(RAh4S) task develops a (icxtclit)-clll~al~cc(l
mastcl-s]avc tclclllat]i]>lilatc)l  cnab]inp,  both
b] cakthmugh p] occdul cs in micl dminimally
invasive surp,my [ 1 3]. ‘1’hc applicable mdical
placti cc includes eye, car, nose, tl]l oat, facfc,
hand, and cranial SUI gclics.  As pait of
planned  task activities, the Icsultins  NASA
] obc)t  tccht)ologics  will bc bcnchmal-kcd  ill
actual opcl  atinp,  I mm pl-occdu]”cs  fol vitlcous
retinal sul{~cl-y,

‘1’hc pl il]laly ol)jcclivc  of this task is
10 pmvidc an int cp,iatcd  robotic pl atfom
fm mastcl-slave dual-al m manipulation
opclat  ional i n a onc cubic  inch woIk
volume at fcatul es in lhc 100 mic.lon
] aI]gc  (OUI-  :,oal is to Cxtctld  tll  CSC

capabilities to fcalutes in the ?0 micmn
Iangc)  ‘1’hc mscalch is a natulal
evolution d ml] cxtcnsivc cxpmicncc  in
folcc-l”cflccting  Iclcopcl-ation  with
disimilal mastcl/slave, (;apabilitim will
include fol cc-reflection and tcxtulal
tactile fcc(ibacrk,  and in situ lllultiplc-
i map,inp,  modalities fol i mpmvcd  sulg,ical
visllali~,ati~l~  all(i tissll~ ~iisclilllillatiol).



.,

l’otcntial  NASA applications may inc.lucic
1 iVA/l VA tclcscicnm, bicq~mccssing:,
l~latclials~~loccssall(i  l]~iclolllccllallical
asscmb]y,  slllall-illsllLlll]  clllsclvicrill{g, and
Icrrcstrial cmircmmcntal  tcstillp,illvacll~llll

capability, llA7,11(l”1’  isc~]Jj-cl~tlyl  ]cil~p,
prepared fm actual field use, tcspondinp, to
llAZh4A’J’ incidcnls  a l  .1 I’1,. 11’U(UIC  wmk

indudcs  the intc{;ration  of on-boal d sensors as
W C]] as impmmmcnt  to Ihc opclatm ccmtml
station,

lhlo”gcncy  R(’s])onse Robotics
Satellite ‘J’cst Assisiant l{obot (S’J’AR)

IFol]owinp,  foul ycam of dfmt, tl~is  p] oj cc.t
has pmtotypcd  a tcl cc)pcratcd  mc~bilc lobc)l
enabling the Jl)l, 1 IAZ,MA’1’  (l~am’c~~)lls
material) rcspcmsc  team to lcmotcl  y cxplw c
sites where hazardous  materials have been
accidcntall  y spilled m rclcascd rathc{ than I i sk
entry team pcnonncl  [14]. 11’1, lobotic
rcscamhcl-s,  cn{~inccm,  }Fil-c l)cpal lmcnt and
Safety pcmmnc] have wdcd in close
cmpcl-ation  to develop the systcm. ‘1’hc
primary mission of lhc robot, called
1 IA7,1 IO”J’, is first entry and rcconnai ssancc of
an incident site; the most clangcmus  parl of a
]csponsc sil]cc the type of materials involvd
and the magnitude oflhc spill may not bc fully
known.  l)uring  such missions llA7J10’1’ must
first gain cntl”y  into the incident site which
may involve climbing stairs, unlocking and
opening doom, and mancuvcrin~  in tight
spaces. Oncc the spill is lcxatcd,  an on-boalcl
chemical Sas scnsm is used for matcl”ial
identification. ‘1’hc robot can also bc USC(1  to

aid in 1 cmcdialim  0]- Cxmtainmcmt  of tllc
incident by, for instance, closing, a Icakin{:
valve, deploying abscwbcnt  mate] i al, m placinp,
a bmkcn c.ontaiilcl in secondary conlainmcnl.
1 lA7,1J0’1’ has bccm specially dcsip,ncd  to
cnclosc  all electrical ccmlponcnis  and I>] cwidc
intcmal  prcssuriz,alicm cnablinpj  operation in
atmospheres that contain Cmmbustiblc  vapm.
Othc.l- systcm features include  a track dlivc
base with front and  rear al[iculaling,  scdions
for obstacldstair  climbing, a six 1)01”
manipulator with five foot reach and 40 pound
payload capacity, custom tools fo] unlockinpj
and opening, doom, and ? color (;(;I ) c<amc]  as.
’10 date, the robot has been used by the .1I’1.
1 lA7,h4Arl’  team in thlcc simulated icsponsc
missions to test and dcmonstl  alc systcm

S’J’Al< is a l“cmotc  inspcdion lobot which
has been dcvclopcd  10 assist cnp,incc]s  in Ihc
p,tound tcstin[~  of spaccc]aft  in simulated
spacx C.nvimnmcmts. S“l’AR is dcsiSnc(i  to
opc]atc inside Jl)l ,’s 10-ft and 25-ft
tllcl-lllal/vaclllllll  test dlambcls  whcl c
tcmpcl-atules langc fmm -190 C to’1 100 C and
cxtrcmc] y hig,h vacuums can hc achicvcd.
S’J’AR consists of a 25 ft vcr(ical axis an(i an
Azimuthal  axis which provides mobility
around the inside diameter of the chambcl. A
2.-axis scanninp, platfom  is instnllncntccl  with
two hip,h I csolution  video came] as, contmllcd
li@ti ng and an ]nfrarcd ]map,inp,  Camera.

Al an Opcrator Ccmtml  Station cn~{inccm
lcmotcly ccmtm] the position and orientation
of S’I’AR’S lighting  and came] a instlumcnta-
tim allowinp, close-up real-time visual
inspcctim  and infrared thcmal mappin S of a
spacccjratl  under  test in the simulated space
cnvilonmcnt inside the chambm. Srl’AR will
help cnginccm  by improving, Icst diabilily
atld reducing overall test costs.

‘J’IIc ]cscal-cl) (Icsc,ribcd  in this paper was
pcrfol  mcd by the Jet l’mpu] sion 1,aboratcwy of
the (~alifomia  lnstitutc  of ‘1’cchnology  undcl-  a
contract  with the National Aeronautic.s and
Space A(lt]~illistl-atio~l,
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